Since Kihara (1944) and McFadden and Sears (1944) had demonstrated on cytological and morphological basis that Dinkel or common wheat ( Triticum aestivum) originated as an amphiploid between Emmer wheat , T. turgidum and Aegilops squarrosa, additional evidence supporting the above authors' view have been presented by many investigators from various angles, for example, geographical distribution (Zohary et al. 1969) , comparative gene analysis (Tsunewaki 1968) , DNA content per nucleus (Rees 1963) , electrophoretical analysis of seed protein (Johnson 1972 ) and so on. Thus, this is now the completely accepted theory of origin of common wheat . In respect to time and place of the occurrence of common wheat, Helbaek (1959) archaeologically noticed that common wheat originated at least seven thousand years ago and hybridization between Emmer wheat and Ae. squarrosa was postulated to have occurred in western Iran or the southern Caucasus by Kuckuck (1964) , northern Iran by Tsunewaki (1968) and somewhere near the southwest corner of the Caspian Sea by Zohary et al. (1969) , respectively.
Soon after microspectrophotometry had been theoretically established, it was applied to measure nuclear DNA content of wheat and its relatives. Bhaskaran and Swaminathan (1960) , Pai et al . (1961) and Upadhya and Swaminathan (1963) reported the functional diminution of nuclear DNA with raising polyploid level. On the other hand, Rees (1963) , Rees and Walters (1965) and Pegington and Rees (1970) could not find such diminution, but pointed out that polyploid wheat had the sum of nuclear DNA content or chromosome length of its ancestors.
Moreover, Furuta (1968, 1969 ) and Nishikawa and Sawai (1969) found no statistical differences among 25 varieties of ssp. vulgare, among three subspecies of Dinkel and among five varieties of Emmer wheat.
In the present investigation, the following two comparisons were made as to DNA content per nucleus using Feulgen-microspectrophotometry;
(1) tetraploid wheat extracted from common wheat vs. natural Emmer wheat and (2) have occurred during their evolution will be evaluated.
MATERIALS AND METHODS
Species or strains investigated in the present study are shown in Table 1 , together with their genome constitution and chromosome number.
As the chromosome complement and pairing of artificially synthesized hexaploids are not always stable, synthesized hexaploid plants with 42 chromosomes in a primary root tip were selected and used. In most cases, their PMC's at leptotene to zygotene stage (DNA class: 4C) and in a supplemental experiment, pollen tetrads (1C) were used for microspectrophotometrical measurement.
They were fixed with modified Carnoy's Fluid (95% ethanol 3: chloroform 3 : acetic acid 1), smeared together with those of the standard strain side by side on the cover slips, hydrolyzed accurately in 1N HCl at 60°C for five minutes and stained for four hours by Schiff's reagent which reacts specifically and quantitatively with DNA. Measurement of DNA content of nucleus was performed by two wave length method using Olympus microspectrophotometer (MSP A-IV). Ten nuclei were measured in each of three replicated preparations.
RESULTS

DNA content per nucleus in an arbitrary
unit of all varieties or strains measured are summarized in Table 1 . As a whole, the coefficient of variation varied from strain to strain; the highest was 6 X RL5289 (11.7%) and 2 X RL5289 (11.4%) and the lowest was 6 X RL5003 and RL5226 (both 4.4%), with an average of 7.6%. An analysis of variance revealed significant differences among the seven strains of Ae. squarrosa (Table  2 and Fig. 1 ). As shown in Fig. 2 , there was no statistical difference between natural Emmer, T. turgidum reichenbachii (mean; 420.2) and the extracted tetraploid, Tetra Canthatch (414.6), indicating that no appreciable increase or decrease in DNA content of AB genomes of hexaploid wheat had taken place for the last seven thousand years or more since occurrence of common wheat.
Regarding eight hexaploid wheats, two natural and six synthesized strains ( Fig. 3 ), only Canthatch (635.7) had statistically higher DNA content than others (552.8 to 589.5). This was an unexpected finding that seemed rather inconsistent with the previous results in which no differences were found among three subspecies of Dinkel wheat (Nishikawa and Furuta 1969) and among 25 Japanese and U. S. varieties of T. aestivum vulgare (Nishikawa and Furuta 1968) . Moreover, it has been noticed that DNA content of Chinese Spring used as the standard variety which was smeared along with Canthatch on the same cover slips was, in this case, of unreasonably low value, resulting in relatively higher value of Canthatch.
Also the value (173.4) of Ae. squarrosa strangulate KUSE on these same cover slips was apparently high compared with that (143.6) of this strain on the other slips. Then, in a supplementary measurement of Chinese Spring and Canthatch using pollen tetrads, no difference was found between these two varieties, having values of 144.5 and 141.5 per tetrad nucleus, respectively (Fig. 2) . Thus there is no difference in DNA content per nucleus among all hexaploid strains used. Consequently the value obtained from the supplementary measurement was adopted for Canthatch hereafter in our discussion.
Although significant intraspecific variation of DNA content among seven strains of Ae, squarrosa was observed, we strains (black bars) and sum of DNA content of six strains of Aegilops could not find such variation among the synthesized strains derived from Tetra Canthatch and each of these Ae. squarrosa strains. Relatively little differences of DNA content found among strains of Ae. squarrosa (Table 2-b) seem to be obscured in the synthesized hexaploids (Fig. 3) .
Finally, DNA content per nucleus expected for the synthesized hexaploids was considered.
These strains should have the sum of DNA of the respective parents. As diagrammed in Fig. 3 , the observed values shifted from the expected to the higher values for all strains with exception of RL5289. Of them, only RL5003, however, showed a significant difference.
These deviations seem attributable to the technical problems which are often encountered in comparing the values among different polyploid level. Because diameter of nucleus increases with polyploidy, that of illuminating circle in which nucleus to be measured was placed has had to be increased correspondingly. The comparable DNA values of di-, tetra-and hexaploids can be obtained by multiplying the raw values with squares of radii of illuminating circles.
The deviation of the observed values from the expected seems to be caused by a technical error in measurement of three radii. Thus, the present authors can conclude that there is no real difference between the expected and the observed value and that DNA of the synthesized hexaploids is equal to sum of those of its parents.
DISCUSSION
In the last decade, a number of investigators have discussed the phylogeny of various plants and animals from the viewpoint of amount of DNA per cell. The results described here showed that significant differences in DNA content per nucleus exist among seven strains of Ae. squarrosa and that the AB component of common wheat did not undergo any appreciable change in respect to DNA content during the seven thousand years or more since its origination.
No appreciable change can be expected for the D genome of hexaploid wheat. In addition to those cited in our previous work (Nishikawa and Furuta 1969) , there are some papers that have reported interspecific variation of DNA content in Lathyrus (Reel et al. 1966) , Allium (Jones and Rees 1968) and Chrysanthemum (Dowrick and El Bayoumi 1969) . But, the variation within species of those plants cited above has been uncertain up to date. Recently, Chooi (1971) reported not only interspecific but intraspecific variation in genus Vicia. Similarly, Miksche (1968) found DNA variation correlated with latitude in Picea glauca and Pinus banksiana. Our unpublished measurement of DNA content in Ae. squarrosa showed considerable intraspecific variation, which will be reported elsewhere. These facts show that the evolutionary process at the diploid level of higher plants may, in most genera, be accompanied by a large variation of nuclear phenotypes such as DNA content and volume of nucleus or chromosome, which result in gain or loss of genetic material.
On the contrary, Bennett and Smith (1971) demonstrated remarkable homogeneity of nuclear DNA content among 15 strains of eleven diploid species in Hordeum, pointing out that speciation within this genus had proceeded without any noticeable change in DNA content.
Polyploidization
has played a very important role in the evolution of higher plants and the relationship between the polyploidy and DNA content has been discussed by several workers.
The result obtained in the present experiment demonstrated that total DNA content of the A and B genomes in common wheat was identical to that of the present-day Emmer wheat and would not seem to have been subjected to change during at least the seven thousand years after hexaploidization. This is contrary to a series of reports by Swaminathan and his associates (Bhaskaran and Swaminathan 1960; Pai et al. 1961; Upadhya and Swaminathan 1963) and is in agreement with those of Rees (1963) , Rees and Walters (1965) , Nishikawa and Furuta (1969) and Pegington and Rees (1970) . This is not always the case with other plant species, however. Southern (1967) found DNA content less than sum of the putative parents in tetraploid Tulipa. Grant (1969) postulated that a reduction in DNA content is associated with the adaptation necessary for establishment of the highest ploidy (12x) in birch.
In natural polyploids of Chrysanthemum, Dowrick and E1 Bayoumi (1969) could not find good agreement between the observed and the expected DNA content in several cases. Moreover, the largest DNA value in this genus was found in the tetraploid, while the DNA value of hexaploid fell in the range of diploid level. In tetraploid species consisting of BC genomes in Oryza, an appreciable reduction of DNA content seemed to have taken place (Katayama 1972) . Chooi (1971) considered that polyploidization might cause a decrease in chromosome size in two tetraploid of Vicia, or alternatively, that the viable polyploid might be derived from only the diploid with the smallest chromosome size. In various plants as cited above, we can notice some cases of decrease in DNA content.
The functional reduction of duplicated genetic materials may be one of the ways of establishing a stable polyploid species. Kerber (1964) mentioned that the extracted tetraploid did not closely resemble the present-day varieties of Emmer wheat, became dwarfish and partially sterile and lacked vigor.
From these facts, he considered that genetic changes took place within the A and B genomes after hexaploidization.
Kerber's conclusion can be supported by the fact that natural Emmer-squarrosa and extracted Emmer-squarrosa amphiploid have different chromosome stabilities; i, e., 69% of the plants checked had 42 chromosomes in the former (Ono and Tanaka 1967) , whereas in our chromosome count in the latter, 89% had 42 chromosomes in somatic cell. Moreover, gross morphology of six synthesized strains was more similar to ssp. spelta than a hexaploid variety, Canthatch from which Tetra Canthatch has been extracted.
These facts tell us that the A, B and probably D genome of common wheat were modified genetically with no gross change of chromosome structure and total DNA content after their incorporation into the hexaploid.
This genetic modification without quantitative alteration of DNA content would be another way for cytological and genetical stabilization of polyploids.
SUMMARY
Nuclear DNA content of Ae. squarrosa, natural Emmer and natural and synthesized Dinkel wheats, in addition to Tetra Canthatch (AABB) which was extracted from common wheat, was measured Feulgen-microspectrophotometrically using PMC's at first prophase or pollen tetrads. A significant amount of variation in DNA content per nucleus was observed among seven strains of Ae, squarrosa, indicating intraspecific differentiation accompanied by gain or loss of genetic material in this diploid species. DNA content per nucleus of the extracted tetraploid (Tetra Canthatch) was the same as those of present-day natural Emmer wheat; no appreciable quantitative change in nuclear DNA of the A and B genomes of common wheat seems to have taken place during at least the past seven thousand years, in spite of considerable genetic changes that have occurred.
Two natural and six synthesized hexaploids had similar DNA content that was approximately equal to the sum of those of their parents. Evidence concerning variation in nuclear DNA content of higher plants was reviewed and quantitative relationships between diploid and polyploid species in DNA content was discussed in relation to its evolutionary significance.
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